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f comparing the light emission data from the cell in the presence of the agent to the light 
emission data from the cell in the absence If the agent, wherein a difference in light emission 
data is indicative of an effect on cell proliferation. 



63. A methDd-of^sreening mammalian cells to determine their susceptibility to treatment 
with an agent, comprising: — — ^ ^ 

contacting cells containing a Renilla luciferase polypeptide or a polynucleotide encoding 
a Renilla luciferase with an agent; and "^^"^^ 
- — j measuring light emissions from the cells in the presence and absence of the agent, 
/wherein a difference in light emissions is indicative of the cells' susceptibility to treatment with 

the agent. 

REMARKS 

A. Regarding the Amendments 

After entry of the amendments, claims 1 to 48 and 63 to 68 will be pending . The specific 
and claims 1, 18, 31 and 63 have been amended as set forth in the attached "Version With 
Markings To Show Changes Made." As amended, the claims are supported by the specification 
and the original claims. Applicant submits that the amendments to the claims are for clarity and 
should not be construed as amendments affecting patentability under Festo Corp. v. Shoketsu 
Kinzoku Kogyo Kabushiki Co., 234 F.3d 558, 56 USPQ2d 1865 (Fed. Cir. 2000) (en banc). 

B. Objection to the Disclosure due to Informalities 

The disclosure of the present application was objected to due to the following 
informalities, as set forth in Paper No. 7: the ATCC number on page 14, line 12 was omitted and 
the term "coelentrazine" was misspelled on page 20, line 2. It is respectfully submitted that the 
ATCC number is presently not included in the specification of the present application because 
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the sequence has not yet been submitted to the ATCC. Under 37 C.F.R. 1.809(b)(1), a deposit is 
required on or before the date of payment of the issue fee. Applicants therefore defer deposit 
and, subsequently, insertion of an ATCC number in the specification. The deposit will be made 
and the number will be inserted on or before payment of the issue fee. 

With respect to the misspelling of the term "coelentrazine" on page 20, line 2, it is 
respectfully submitted that the amendment to the specification set forth above remedies this 
informality. It is therefore respectfully requested that the objection to the specification be 
withdrawn. 

C. Rejections Under 35 U.S.C. §112. first paragraph 

Claims 1 to 30 and 63 to 68 are rejected as allegedly not enabling under 35 U.S.C. §1 12, 
first paragraph. The rejection is respectfully traversed. 

Initially it is alleged that the guidance and exemplification in the specification is 
insufficient to enable one of skill in the art to practice the claimed invention. Applicants 
respectfully disagree. 35 U.S.C. § 1 12, first paragraph, requires that one of skill in the art would 
have known, at the time of filing of the application, using the teachings of the application, how to 
practice the claimed invention. Applicants allege that the specification, as filed, would have 
enabled one of skill in the art to practice the claimed invention. 

It is asserted in Paper No. 7 that because previous references have stated that 
coelenterazine was toxic to mammalian liver cells, that one of skill in the art would be unable to 
practice the claimed invention. The rejection is based upon the belief that the toxicity of 
coelenterazine and the effects of the agent on cell proliferation would be indistinguishable. 
Applicants respectfully disagree. In the Examples section of the application, on pages 25-26, 
there is an Example entitled "Assay for Luciferase Activity." In the example, Applicants show 
that coelenterazine is not included during cell culture. The coelenterazine is added to the cells 
and light emission is collected for fifteen seconds "immediately upon the addition of the 
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substrate." Clearly the cells will not grow in only fifteen seconds. Despite any concern 
regarding the toxicity of coelenterazine, one of skill in the art would be able to practice the 
present invention without undue experimentation by following the teachings in the specification 
of the present invention. Additionally, coelenterazine is not widely known in the art as toxic. In 
fact, those of skill in the art actually study its antioxidant properties (Biochem Pharmacol 2000 
Aug 15;60(4):471-8, attached as Exhibit A). It would therefore be apparent to one of skill in the art 
that any effect seen on cell proliferation following the teaching of the present invention would be 
due to the test agent. Any concern regarding any potential detrimental effect of coelenterazine on 
cell proliferation due to prior disclosures is unfounded. 

Additionally, Paper No. 7, states that "the specification is silent as to how valid light 
emission data can be collected in practicing the claimed methods." (Paper No. 7, page 4, second 
paragraph.) Applicants respectfully disagree. Methods of collection of light emission data are 
well known in the art. (See, for example, U.S. Pat. Nos. 5,418,155 and 5,22,658 which discuss 
collection of light emission data from Renilla luciferase. See, specifically, the example titled 
"Assay for luciferase activity"). Therefore, one of skill in the art would have known how to 
practice the claimed invention, using known methods of light collection. As such, one of skill in 
the art would be able to practice the present invention without undue experimentation. 

The use of the invention in a human and the potential toxicity of coelenterazine is also 
discussed in Paper No. 7, on pages 4 to 5. This discussion does not appear to be a rejection or 
objection to the specification. With respect to this discussion, the Examiner's attention is 
respectfully drawn to the fact that the present invention is not intended for therapeutic use, but as 
a screening method. Therefore, any concern regarding the use of coelenterazine in humans is 
obviated. To further clarify this point, the independent claims of the present invention have been 
amended to claim "[a]n in vitro method." Therefore, any potential toxicity of coelenterazine in a 
human is not relevant to the claimed invention. 
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It is also stated in Paper No. 7 that the combined effects of coelenterazine and other 
agents may result in a greater level of cytotoxicity. It is respectfully submitted that, as discussed 
above, the toxicity of coelenterazine, even if amplified by an additional agent, is not relevant, as 
that toxicity would not affect proliferation. However, to clarify the relationship between a 
change in light emission and a change in cell proliferation, claim 18 has been amended to read 
"wherein a change in light emission is indicative of a corresponding change in cell proliferation." 
This amendment also addresses the statement in Paper No. 7 that the previous wording was 
inaccurate. It is respectfully submitted that, as amended, claim 18 accurately claims the 
relationship between a change in light emission and a change in cell proliferation. 

Similarly, it is discussed in Paper No. 7 that the claimed invention has an "unacceptable 
degree of unpredictability" and therefore would require one skilled in the art to perform undue 
experimentation in performing the present invention. Applicants respectfully disagree. The 
references cited to show the "unacceptable degree of unpredictability" are from 1990 and 1998. 
The present application was filed in April, 2000. If, at the time of the references cited, the 
present- invention had been predictable, the invention would not now fulfill the requirements for 
patentability. It is expected that the present invention would not have been obvious or 
predictable as of 1998. The Cree reference, as cited in Paper No. 7, states: "It is unlikely that 
molecular methods will fare much better." (Emphasis added.) However, it does not preclude the 
use of the present molecular methods. The present invention teaches that a correlation exists 
between luminescence and determination of cell proliferation in that a measurement of 
luminescence will allow a determination in change of cell number. (Specification, page 20, line 
26 to page 21, line 9.) The correlation is used to determine the effect of an agent on cell 
proliferation, determine the cell proliferation of a cell or population of cells, or to screen 
mammalian cells to determine their susceptibility to treatment with an agent. Therefore, one of 
skill in the art practicing the present invention would not have to engage in undue 
experimentation. 
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The Office Action also asserts that the specification allegedly does not exemplify the 
claimed method for screening mammalian cells to determine their susceptibility to treatment with 
an agent. It is also stated that there are allegedly no working examples that teach the claimed 
method and that the examples do not set forth a method for determining prokaryotic cell 
proliferation. Applicants respectfully traverse the rejection. 

Throughout the specification and in the Examples section, Applicants disclose that 
treatment with an agent is related to cell proliferation. It is respectfully submitted that it is has 
been shown in the art that various mammalian cells may be screened in order to determine their 
susceptibility to treatment with a cancer agent. Exhibit B sets forth the abstracts of four 
illustrative references that show this relationship. The Haug abstract, describes the finding that 
hydroxyurea, cytochalasin B, vinblastine, Razoxane and interferon all inhibit growth of murine 
fibrosarcoma cells. (Cell. Prolif. 1993 May; 26(3):251-61 , attached hereto as Exhibit B.) Similarly, 
in the Malmberg abstract, the slow-down or arrest of growth of human ileocaecal adenocarcinoma 
cells, after exposure to S-fluoro^'-deoxyuridine is described. (Cell. Prolif. 1993 May; 26(3):291- 
303, attached hereto as Exhibit B.) The Shin reference shows the effects of a combination of 13- 
cRA, IFN-alpha and alpha-tocopherol on prevention of tumor recurrence. ( J. Clin. Oncol. 2001 
Jun 15; 19(12):3010-7, attached hereto as Exhibit B.) Finally, the Komatsu reference describes the 
inhibition of four out of five human tumor cell lines implanted into nude mice, by the agent cyclic 
hydroxamic-acid-containing peptide 31 (CHAP31). (Cancer Res. 2001 Jun 1; 61(1 1):4459-66, 
attached hereto as Exhibit B.) Similarly, the present invention exemplifies the effect of an agent on 
cellular proliferation and it is respectfully submitted that the relationship between cellular 
proliferation and susceptibility to treatment with an agent is well known in the art. Accordingly, 
Applicants respectfully request that the present rejection be withdrawn. 
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D. Rejections Under 35 ILS.C. §112. second paragraph 

Claims 1 to 47 and 63 to 68 are rejected as allegedly incomplete under 35 U.S.C. §112, 
second paragraph, for omitting essential steps. The rejection is respectfully traversed. 

Applicants respectfully submit that the claims do not omit essential steps. The steps 
allegedly omitted are: 1) a cellular lysate is prepared and 2) coelenterazine is added to the lysate 
and 3) light emission data is collected from cells in the presence and absence of an agent. 
Applicants respectfully submit that these steps are not required for the practice of the present 
invention. As coelenterazine is hydrophobic, it may penetrate the cells without the assistance of 
a detergent to make the cell membrane permeable. 

Additional methods of screening cells are available to one of skill in the art besides lysing 
the cells. These other methods might include the use of the tetrazoleum component MTT or use 
of Trypan Blue. Both would allow assays of cellular proliferation without lysing the cells. 
Because other methods of screening cells are available and are known to those of skill in the art, 
Applicants respectfully submit that no steps have been omitted from claims 1-17, 18-30, 31-47 or 
63-68. It is therefore requested that the rejection be removed. 

Additionally, claims 1-47 and 63-68 are rejected as indefinite under 35 U.S.C. §112, 
second paragraph. This rejection is respectfully traversed. 

The rejection of claims 1-17 alleges that the phrase "an agent" in line 3 of claim 1 is 
indefinite. This allegation is based on the fact that the term "an agent" is used in line 1 of the 
claim and therefore it is allegedly indefinite whether the use of the term in line 3 refers to the 
same agent as in line 1 . The use of the term "an agent" in line 1 is part of the preamble of the 
claim. Generally, a preamble is not considered limiting to a claim unless it breathes life and 
meaning into the claim. (See MPEP 2111 .02.) In the present invention, the claim following the 
transitional phrase "comprising" stands alone. It is therefore unnecessary for the term "an agent" 
in line 1 to serve as an antecedent basis for the use of "an agent" in line 3, or for the term "agent" 
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in line 3 to be preceded by a definite article. As such, use of the indefinite article "an" is proper 
in line 3. 

The rejection of claims 18-30, claims 31-47 and claims 63-68 is similar to the rejection of 
claims 1-17. All are alleged to be indefinite for the use of an indefinite article in line 3. As 
discussed above, the use of the indefinite article in each of claims 18, 31, and 63 is acceptable, as 
it is a portion of the claim that stands alone. 

As the use of indefinite terms in claims 1, 18, 31, and 63 in line 3 of each claim do not 
require an antecedent basis, as used, it is submitted that those claims are not indefinite under 35 
U.S.C. §112. Accordingly, the removal of the rejection of claims 1-47 and 63-68 is respectfully 
requested. 

Claims 63 to 68 are also rejected as indefinite under 35 U.C.C. §112, second paragraph, 
as the relationship between cell proliferation and susceptibility to treatment is unclear. Claim 63 
has been amended to include the phrase "wherein a difference in light emissions is indicative of 
the cells' susceptibility to treatment with the agent." As such, it is respectfully requested that the 
rejection be removed. 
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E. Rejections Under 35 U.S.C. §103 

Claims 1 to 47 and 63 to 68 are rejected under 35 U.S.C. § 103(a) as allegedly unpatentable 
over Cree in view of Virta, et al, Edinger, et al, Prosser, et al, and further in view of U.S. Pat. Nos. 
5,292,658 A and 6,171,809 Bl. The rejection is respectfully traversed. 

None of the references cited as allegedly rendering the present invention obvious teach or 
suggest that the effect of an agent on cell proliferation may be tested via measurement of light 
emission using Renilla luciferase. Specifically, the Cree reference teaches determination of cell 
viability based on luminescence. It is ATP based. It does not teach or suggest the use of 
luminescence using Renilla luciferase. 

Similarly, the Virta reference discusses the connection between prokaryotic cell viability and 
light emission, but uses a known agent to establish this connection. Virta contains no teaching or 
suggestion to use the process in reverse, using the light emission of Renilla luciferase to determine 
the effect of an agent of unknown properties on proliferation. 

The Edinger reference also does not teach or suggest the use of Renilla luciferase to determine 
the effect of an agent on cellular proliferation. Accordingly, this reference does not teach or suggest 
the present invention. 

The teachings of the Prosser reference and U.S. Pat Nos. 5,292,658 A and 6,171,809 Bl 
cannot overcome the deficiencies of the Cree, Virta and Edinger references. None of the cited 
references, alone or in combination teach or suggest the use of Renilla luciferase to determine the 
effect of an agent on cellular proliferation. 

Cree, et al., Virta, et al, Edinger, et al, Prosser, et al, and U.S. Pat. Nos. 5,292,658 A and 
6,171,809 Bl are provided as discussed above. None of the cited references, alone or in combination, 
teach or suggest all of the claimed aspects to the present invention. Accordingly, it is respectfully 
requested that this rejection of the claims under 35 U.S.C. § 103, be removed. 
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CONCLUSION 



In Summary, for the reasons set forth herein, Applicants maintain that claims 1 to 48 and 
63 to 68 clearly and patentably define the invention, respectfully request that the Examiner 
reconsider the various grounds set forth in the Office Action, and respectfully request the 
allowance of the claims which are now pending. 

No fee is deemed necessary in connection with the filing of this response. However, if 
any fee is deemed necessary, the Commissioner is authorized to charge (or apply any credits to) 
Deposit Account No.: 50-1355. The Examiner is invited to contact Applicant's undersigned 
representative if there are any questions related to this matter. 



Respectfully submitted, 



Date: September?. 2001 




Lisa Pi. Haile, J.D., Ph.D. 
Registration No. 38,347 
Telephone: (858)677-1456 
Facsimile: (858) 677-1465 



.Occult. 



GRAY CARY WARE & FREIDENRICH LLP 
4365 Executive Drive, Suite 1600 
San Diego, California 92121-2189 



USPTO Customer Number 28213 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 
IN THE SPECIFICATION 

The original paragraph on page 19, line 27 to page 20, line 13 has been amended as follows: 

The cells containing a Renilla luciferase are cultured under conditions that allow 
expression of the Renilla luciferase. The luciferase activity can then be measured in vivo or in 
vitro (see, for example, Lorenzo et ai, J Biolumin Chemilumin, 1 1 (1) :3 1-7> 1996, which is 
incorporated by reference herein) by providing the cell culture with the substrate [coelentrazine] 
coelenterazine . Typically the [coelentrazine] coelenterazine will be in an amount of about 0.05 
HM to about 5 pM, depending, for example, upon the assay conditions (e.g., whole cell, lysate, 
purified protein). Alternatively, the cells can be lysed prior to addition of the substrate. In such 
instances the cells can be lysed by adding appropriate buffer or by mechanical disruption or other 
methods known to those of skill in this art. The vessels, particularly the microtiter plates, can be 
placed in commercially available instruments for measuring light, such as a plate reader, which 
can be interfaced with a computer for data analysis. Depending upon the assay type, one skilled 
in the art can develop various methods to determine a change in cell number. For example, 
where cell death is measured, the cells can be washed between measurements to determine the 
number of cells or luciferase activity present before and after the wash. For example, a decrease 
in the number of cells over a period of time is indicative of cell death. 

IN THE CLAIMS 

1 . (Amended) [A] An in vitro method for determining the effect of an agent on cell 
proliferation, comprising: 
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contacting a cell containing a Renilla luciferase polypeptide or a polynucleotide encoding 
a Renilla luciferase with an agent suspected of modulating cell proliferation under conditions that 
allow the agent and the cell to interact; and 

comparing the light emission data from the cell in the presence of the agent to the light 
emission data from the cell in the absence of the agent, wherein a difference in light emission 
data is indicative of an effect on cell proliferation. 

18. (Amended) [A] An in vitro method for determining cell proliferation of a cell or 
population of cells comprising: 

obtaining light emission data from a cell containing a Renilla luciferase polypeptide or a 
polynucleotide encoding a Renilla luciferase over a period of time wherein a change in light 
emission data is indicative of a corresponding change in cell proliferation. 

3 1 . (Amended) [A] An in vitro method for determining the effect of an agent on cell 
proliferation, the method comprising: 

transfecting a cell obtained from a sample with a vector containing a polynucleotide 
sequence encoding a Renilla luciferase; 

contacting the transfected cell with an agent suspected of modulating cell proliferation 
under conditions that allow the agent and the cell to interact; and 

comparing the light emission data from the cell in the presence of the agent to the light 
emission data from the cell in the absence of the agent, wherein a difference in light emission 
data is indicative of an effect on cell proliferation. 
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63. (Amended) A method of screening mammalian cells to determine their susceptibility to 
treatment with an agent, comprising: 

contacting cells containing a Renilla luciferase polypeptide or a polynucleotide encoding 
a Renilla luciferase with an agent; and 

measuring light emissions from the cells in the presence and absence of the agent, 
wherein a difference in light emissions is indicative of [an agent which affects cell proliferation] 
the cells' susceptibility to treatment with the agent . 
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The use of bioluminescence- and chemilumines- 
cence-based reporter gene assays and immunoassays 
has increased dramatically in the past 10 years (6,7,8). 
Luciferases and photoproteins are especially useful 
since light emission can be measured and quantified 
easily, and they are non-toxic. A number of bacterial 
(9) and beetle (10,11) luciferase genes have been iso- 
lated and their uses have been well characterized. 
The bacterial lux genes have been used extensively 
as reporters, although the applications are primarily 
in procaryotic and plant hosts. Lux genes have a 
demonstrated utility as reporters of environmental 
pollutants and toxins, temporal and spatial develop- 
mental events, promoter strength and bacterial 
detection (see reviews 9,12,13). Similarly, the beetle 
luciferase luc genes have a well documented history 
as markers of transfection and transformation 
(14,15,16), as reporters of transcriptional regula- 
tion of genetic elements (17), and for determina- 
tion of ATP concentrations in vivo and in vitro 
(18,19). 

Other bioluminescence reporter genes include the 
phot genes which encode the calcium activated photo- 
proteins aequorin (20) and obelin (21). The aequorin 
gene has been used to report Ca 2+ flux in plants (22) 
and mammalian cells (23). Membrane-based assays 
using biotinylated recombinant aequorin have been 
developed for detection of nucleic and amino acids 
(24), and diagnostic immunoassays have been devel- 
oped for a number of target molecules (25,26). The 
luc gene from the crustacean Vargula hilgendorfii has 
been isolated (27) and tested as a reporter gene (28); 
however, the substrate for this secreted luciferase is 
not readily available. Most recently, the gene encod- 
ing GFP from Aequorea victoria and has been used 
as a reporter of gene expression (29). It is not likely 
that any single reporter gene can offer the versatility 
required in the expanding number of applications 
that can be found for bioluminescence; each gene 
may have a particular advantage or disadvantage, 
depending on the assay and the conditions under 
which it is performed. Here, we report transient and 
stable expression of the Renilla luciferase xluc gene in 
COS-7 cells and C5 mouse fibroblasts, respectively, 
and demonstrate that this gene can be used both in 
vitro and in vivo as a marker gene in mammalian cells. 



MATERIALS AND METHODS 
Enzymes and media 

Restriction enzymes, polymerases and ligases were 



obtained from New England Biolabs (Beverly, 
MA) and Promega (Madison, WI). PCR reagents 
and Taq polymerase were purchased from Perkin 
Elmer (Norwalk, CT). Media and chemicals 
required for the growth and maintenance of mamma- 
lian cell cultures were purchased from Gibco-BRL 
(Green Island, NY) and Sigma (St Louis, MO). 



Modification of the luciferase cDIMA 

Plasmid pBSRLuc-1 was constructed by ligation of 
the 2.2 kbp Sstl/EcoRI fragment isolated from 
pTZRLuc-1 (3) into plasmid Bluescript (Strata- 
gene, La Jolla, CA) and transformed into E. coli 
DH5a cells. pBSRLuc-1 DNA was purified using 
a Qiagen tip-100 kit (Qiagen Inc, Chatsworth, 
CA) according to the manufacturer's instructions, 
linearized by digestion with SstI, and desalted in 
a G-25 spin column (Boheringer Mannheim Bio- 
chemicals) according to the manufacturer's instruc- 
tions. Oligonucleotide primers were synthesized at 
the University of Georgia Molecular Genetics : 
Sequencing Facility. The first oligo (GGCTGCA- 
GATGACTTCGAAAGTTTAT) contained a PstI 
site immediately 5' to the ATG start codon, fol- 
lowed by 18 nucleotides identical to the 5' end cod- 
ing sequence; the second (GGCTGCAGAC- 
ATTTATATTATTAAACCC) also contained a 
PstI site and 20 nucleotides identical to the 3' end 
immediately adjacent to an endogenous Smal site 
located in the non-coding region. PCR amplifica- 
tion was performed using a programmable ther- 
mal cycler (MJ Research Inc, Watertown, MA). 
The PCR product was filled in with T-4 polymer- 
ase, isolated from a low melting temperature agar- • 
ose gel (NuSeive; FMC, Rockland, ME) (30), and" 
blunt-end ligated into alkaline phosphatase-' 
treated Smal digested pUC18 resulting in the plas- 
mid pRLuc-4.1. E, coli DH5a cells were trans- 
formed and recombinant plasmid DNA was 
purified with a Qiagen tip-100. PstI and PstI- i 
Smal digests were performed to ensure correct 
orientation and size of the fragments. 



Plasmid constructions 

pRLuc-6 & pRLuc-6.1. Plasmid pRLuc-4.1 was 1 
digested with PstI and the insert was ligated into 
a unique PstI site contained on the mammalian i 
expression vector pXM (31). Recombinants in" 
pXM can be selected for by ampicillin resistance; 
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the luciferase gene is placed under the transcrip- 
tional control of the adenovirus major late promo- 
ter. E. coli DH5a cells were transformed and 
plasmid screens were performed to determine size 
and orientation of the insert DNA. Two clones, 
pRLuc-6.1 and pRLuc-6.1R, were isolated and 
contained the luciferase gene in the forward and 
reverse orientation, respectively, with respect to 
the promoter region. 

pMCT-RUC. Plasmid pMCT-RUC (14kbp) was 
constructed for site-specific targeting of the Renilla 
luciferase gene to a mammalian chromosome 
(details of the plasmid construction will be pre- 
sented elsewhere). The relevant features of this 
plasmid are the Renilla luciferase gene under 
transcriptional control of the human cyto- 
megalovirus immediate-early gene enhancer/ 
promoter; the hygromycin gene under the trans- 
criptional control of the thymidine kinase pro- 
moter; and a unique Hpal site is used to linearize 
the plasmid. 



Mammalian cell culture 

COS-7 cells. COS-7 ceils were grown on 100 mm 
Costar plates as described previously (32). Cul- 
tures were trypsinized and split 1/20 2 days before 
use. Cell monolayers were 70-80% confluent at 
the time of transfection and were washed once in 
DME immediately prior to transfection. To each 
plate 3mL DME was added containing 10 /xg of 
plasmid DNA and L5^L//zg Transfectam (Pro- 
mega). After 5h the transfection media was 
removed and the plates were washed once in 
DME. Fresh growth media was added to the 
cells, which were incubated for another 60 h. Cells 
were washed gently in PBS and then collected by 
scraping in 5 mL PBS/plate. Cells from one plate 
were centrifuged at 500 x g for lOmin, then resus- 
pended in 0.5mL lOmmol/L Tris, 1 mmol/L 
EDTA, pH7.6. Cells were incubated on ice for 
lOmin followed by sonication with a Branson 
Cell Disruptor using several 1 s bursts. Half of 
the cell extract was clarified by centrifugation at 
15,000 x g, and luciferase activity was determined 
in the crude and clarified cell extracts. 

C5 cells. C5 mouse fibroblasts were maintained as a 
monolayer as previously described (33). Cells at 
50% confluency in 100 mm Petri dishes were used 
for calcium phosphate transfection (34) using 10 fig 



of linearized pMCT-RUC per plate. Colonies 
originating from single transfected cells were isol- 
ated and maintained in F-12 medium containing 
hygromycin (300/ig/mL) and 10% fetal bovine 
serum. Cells were grown in 100 mm Petri dishes 
prior to the Renilla luciferase assay. 



Luciferase assays 

COS-7 cells. The Renilla luciferase assay has been 
described previously (2). Assays of COS-7 cell 
extracts were performed in a luminometer (Turner 
model Td-20e) equipped with a sample chamber 
aperture designed to hold 12 x 75 mm tubes. The 
light path from the sample cell to the photomulti- 
plier tube was restricted such that only the light 
passing through a 5 mm hole in base of the sample 
aperture was quantified. This design offered a 
geometry more suitable for reproducible measure- 
ments and calibration. The instrument was cali- 
brated with a I4 C phosphor light standard for 
determination of quanta per second (35). For 
this instrument, 1 LU (light unit) = 6.4 x 10 6 hv/s. 
10 /xL of crude or clarified extracts were diluted 
into 1 mL luciferase assay buffer and injected 
rapidly into the sample tube containing 10 fj,L 
of 2.5 mmol/L coelenterazine in 1 mol/L HC1/ 
MeOH. Integration time of the signal was 5 s. 

C5 cells. Hygromycin-resistant cell lines obtained 
after transfection of mouse fibroblasts with lin- 
earized plasmid pMCT-RUC ("B" cell lines) were 
grown to 100% confluency for measurements of 
light emission both in vivo and in vitro. Light 
emission was measured in vivo after about 30 gen- 
erations as follows: growth medium was removed 
and replaced by 1 mL RPMI 1640 containing 
coelenterazine (1 mmol/L final concentration). 
Light emission from cells was then visualized by 
placing the Petri dishes in a low light video image 
analyzer (Hamamatsu Argus- 100). An image was 
formed after 5 min of photon accumulation using 
100% sensitivity of the photon counting tube. For 
measuring light emission in vitro, cells were tryp- 
sinized and harvested from one Petri dish, pelleted, 
resuspended in 1 mL assay buffer (0.5 mol/L NAC1, 
1 mmol/L EDTA, 0.1 mol/L potassium phosphate, 
pH 7.4) and sonicated on ice for 10 s. Lysates were 
than assayed in a Turner TD-20e luminometer for 
10 s after rapid injection of 0.5 mL of 1 mmol/L 
coelenterazine, and the average value of light 
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Figure 1. Western analysis of COS-7 cells transfected with 
the Renilla luciferase gene. Protein extract was fractionated 
with 12.5% SDS-PAGE before transfer to nitrocellulose as 
described in Methods. Lane 1, Renilla luciferase; Lane 2, 
pRLuc-6.1R transfected cells; Lane 3, pRLuc-6.1 trans- 
fected cells; Lane 4, pXM transfected cells 



emission was recorded as LU (1 LU = 1 .6 x i 0 6 hi//s 
for this instrument). 



SDS PAGE/Western blot analysis of 
recombinant luciferase 

The protein concentration in lysates of cells expres- 
sing Renilla luciferase was determined by the 
method of Bradford (36). Clarified, crude extracts 
(50 fig) and native Renilla luciferase (0.5 ^g) 
were fractionated on 12.5% SDS-PAGE gels 
(37). Western blot analysis was performed by 
transfer to nitrocellulose (Schleicher and Schnell, 
Keene, NH) (38). Luciferase detection was 
performed with a rabbit polyclonal anti-Renilla 
luciferase antibody (1/1000 dilution) and horserad- 
ish peroxidase conjugated goat anti-rabbit IgG 



second antibody (1/5000 dilution; Bio-Rad, Her- 
cules, CA) as described previously (3). 



RESULTS 

COS-7 cells. Restriction analysis of the modified 
luciferase gene showed that: (i) it contained all 
the endogenous restriction sites of the template 
DNA as well as the additional PstI sites; and (ii) 
pRLuc-6.1 contained a single insert in the correct 
orientation with respect to the promoter and that 
pRLuc-6.1R contained a single insert in the 
reverse orientation (data not shown). An inte- 
grated value of 3708 LU was obtained for 10 /xL 
of cell sonicate from pRLuc-6.1 transfected cells. 
This corresponds to approximately 2.3 x 10 l0 hi//s 
generated from 2% of the total protein released 
from the plate (Table 1). Sonicates clarified by 
centrifugation had a value of 3315 LU. No detect- 
able light was measured from cells transfected 
with pXM or pRLuc-6.1R. It is important to 
note that the light intensity values reported above 
represent minimal ones, since the luciferase assays 
performed on these same samples with an 
unrestricted aperture (having a 25 mm bore) in 
the photometer sample chamber led to light emis- 
sions which exceeded the full scale limit of the 
instrument by a factor of 10 3 when at the lowest 
gain setting. Crude extracts from cells transfected 
with the above plasmids were analyzed by Western 
blotting (Fig. 1). A single protein band was seen in 
the pRLuc-6.1 transfected cell extracts (lane 3) but 
not in the pRLuc-6. 1 R (lane 2) or pXM (lane 4) cell 
extracts. Native Renilla luciferase (lane 1) is shown 
as a control. An identical blot incubated with pre- 
immune serum failed to give a detectable signal 
(data not shown). 

C5 cells. Independent cell lines of mouse fibroblasts 
transfected with linearized plasmid pMCT-RUC 



Table 1 . In vitro light emission from COS-7 cells transfected 
with plasmid pXM, pRLuc-6,1 R, amd pRLuc-6.1 . Values are 
an average of five measurements. 



Plasmid 



pXM pRLuc-6.1 R 



pRLuc 6.1 



LU. (total crude extract) 0.0 0.0 

L.U. (clarified crude extract) 0.0 0.0 



3708 + / -375 
3315 + / - 540 




Plate 1. Low tight video image analysis of Petri dishes {100mm) containing hyromycin-resistant mouse fibroblast 
cell lines CB" cell lines) transfected with plasmid pMCT-RUC. a, cell line B3; b, cell line B6; c, cell line B9; 
d, cell line C5 (negative control) 
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r^WTable 2. In vitro light emission of C5 fibroblasts 
^Itrarisfected with plasmid pMCT-RUC (B cell 
lines). 



'CetlLine B3 B6 B9 C5 

. LU.".(clarified crude extract) 017.8 693.5 063.7 000.5 



sKow'ed different levels of Renilla luciferase activity 
(Plate 1). Similar differences in light emission were 
observed when measurements were performed on 
lysates of the same cell lines (Table 2). This varia- 
tion In light emission was probably due to a posi- 
tion effect resulting from the random integration of 
plasmid pMCT-RUC into the mouse genome, 
since enrichment for site targeting of the luciferase 
gene was not performed in this experiment. 



DISCUSSION 

The Renilla luciferase gene can be expressed and 
detected in a mammalian cell background. Transi- 
ent expression in COS-7 cells showed that the in 
vitro bioluminescence emission from both total 
and clarified crude extracts exceeded 1 x 10 10 hi//s. 
Also, the negligible difference between the light 
emissions from these two samples indicates that, 
as in expression in an E. coli host, recombinant 
Renilla luciferase exists as a soluble, cytoplasmic 
protein in transiently transfected mammalian 
cells. Analysis of these same extracts by Western 
blotting demonstrates that recombinant luciferase 
expressed in mammalian cells is essentially identi- 
cal to the native protein, in both its molecular 
size and immunological reactivity. In addition, 
the stable expression of the Renilla luciferase gene 
in C5 fibroblasts demonstrates non-toxicity of the 
gene product in mammalian cells, and confirms 
that coelenterazine will readily permeate mamma- 
lian cell membranes (23). Unlike photoproteins, 
Renilla luciferase requires no time period for 
charging an apoprotein prior to assay and signal 
detection. The ease of detection of luciferase 
activity in transiently transfected cells makes the 
Renilla luciferase gene an ideal candidate as a mar- 
ker of transfection, as well as a reporter gene of 
genetic events associated with transcription and 
translation. 

Renilla luciferase requires only 0 2 and the 
substrate coelenterazine, which is commercially 



available. The fact that the Renilla luciferase gene 
has been expressed at high levels in bacterial, plant 
and animal cells in a stable and transient fashion 
demonstrates its utility and versatility in the field 
of bioluminescence-based detection. Further test- 
ing of Renilla luciferase vectors may reveal that it 
is superior to other luciferases when used in some 
applications, because it requires no divalent 
cations as does aequorin, no ATP as do the beetle 
luciferases, and no long-chain aldehydes as do the 
bacterial luciferases. Also, mammalian membrane 
permeability to coelenterazine does not appear to 
pose a problem. 

Assay and detection methods based on currently 
available bioluminescence genes offer sensitive and 
reliable alternatives to other isotopic and non-iso- 
topic methods. There are, however, inherent prob- 
lems, such as temperature instability (39,40), low 
turnover (41,42), rigid ionic strength/buffer con- 
straints (43,44,45), lack of commercial availability 
of substrate (i.e. Vargula luciferin), ATP depen- 
dency (4,44), and susceptibility to proteolysis 
(46,47) which limit the usefulness of currently 
available luciferases and photoproteins. Prelimin- 
ary evidence suggests that the expressed Renilla 
luciferase is stable with respect to elevated tempera- 
tures and a wide range of ionic strengths (5). 
Finally, when a dual marker system is needed, it 
should be noted that the Renilla luciferase gene 
used in conjunction with the firefly gene may fill 
this need, since the large difference in their peak 
light emissions (480 nm (2) and 562 nm (48), respec- 
tively) could be measured simultaneously. 
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